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ABSTRACT
The sensitization and the spectral sensitization of the
photoconductivity of an organic derivative, 2,5-bis (p-diethyl-
aminophenyl ) - 1,3, 4-oxadiazole , was studied once an electros
tatic sensitometer had been built. Among 27 dyes tested repre
senting 8 different classes, only the triarylmethane-type dyes
and rhodamine-type dyes have a sensitizing effect which does
not seem to be correlated with energy level considerations.
The main effect of the sensitizers, once they have formed charge
-transfer complexes, is to increase the dark decay reaction,
and, thus, they are not suitable as practical products.
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I. INTRODUCTION
A. Principles of Electrophotography
Electrophotography was developed from the early experi
ments of Carlson in 1938 and is based upon the earlier discovery
that certain chemicals can be insulators in the dark with a
13
surface resistivity of at least 10
JD~-cm which drops several
orders of magnitude upon exposure. Such chemicals are called
photoconductors .
This is why most electrostatic processes consist in
charging the photoconductive material , discharging it imagewise
upon exposure and developing the latent image of charge with
2
an appropriate developer called toner . Then either the toner
is transferred on a receiving sheet as in plain paper copiers
or is fixed when the photoconductor is by itself the final
receiving material as in the Electrofax process and in various
microfilm or printing plate products.
B. Historical Survey
The first practical photoconductor used was sulfur in
Carlson's experiments followed by the discovery of the proper-
3
ties of amorphous selenium and almost at the same time by
the development by RCA of the Electrofax process using zinc
oxide coated on paper (and constituting the finished print).
Nowadays, the inorganic photoconductors used involve zinc ox
ide
,
cadmium sulfide and selenium doped with different com
pounds such as tellurium or arsenic to improve sensitivity.
Among organic photoconductors, nearly all highly conjugated
hydrocarbon molecules show a photoconductive character, but
the sensitivity is generally too low to be used in a practical
5
process. One of the first identified compound was anthracene
and afterwards, a large number of organic chemicals were clai
med to have photoconductive properties such as thiazols
,
oxazoles, imidazoles , diphenylamine , etc ...
As far as polymers are concerned, polyvinylcarbazole




is used in industrial applications because it was
possible to increase drastically its sensitivity by forming









Thus the history of developement of electrophotographic
processes is the history of discovery of new photoconductors,
but, also, the history of a constant increase in sensitivity
and a broader spectral sensitivity in order to perform pro
jection printing or even camera speed work.
The table 1 illustrates this statement.
Therefore, in most cases, the problem is no longer to
have a photoconductor available but to match its sensitivity
with the output of practical light sources by means of spec
tral sensitizers.
C. Spectral sensitization
1) The spectral sensitivity of a composition is the
variation of sensitivity with the wavelength of the incident










ZnO-resin mixture 100 0.2




Zn-CdS resin mixture 900 1.8
PVK-TNF (1:1 Molar ratio) 900 1.8
Amorphous selenium 1,000 2
Se-As alloy 3,000 6
Se-Te alloy 10,000 20
Se-Sb alloy 12,000 24
Se-As-Sb (iodine doped) 12,000-18,000 24-36
radiation. But as the majority of the organic photoconductors
absorb only in UV or in a narrow portion of the visible spec
trum, it is necessary to extend their sensitivity in the vi
sible with suitable dyes called spectral sensitizers.
2) The most probable mechanism generally admitted in
order to explain the spectral sensitization of photoconduc
tors is the electron-transfer model
It can be very schematically represented on the figure 1
where an electron of the sensitizing dye can be excited from
a ground-state level HO to an excited one LV by a visible
exposure of energy h^ and can be transferred to the conduc
tion band of the substrate if the energy level LV is above
the conduction band.
If the LV level is below the conduction band, thermal acti
vation is necessary to perform this transfer.
Such models have been applied to the sensitization of
different photoconductors and the agreement between theory
and experiments is fairly good
'
ZnO,
For the most common photoconductive materials-AgBr
,
TiO, Se , CdS,
PVK- the energy levels of valence band
14
and conduction band are well known and concerning the
energy level of dyes , a lot of methods have been used to















Figure 1. Electron transfer model of spectral
sensitization.
From a practical point of view, cyanine dyes, merocyanine
dyes, triphenylmethane dyes, fluorescein dyes, acridine dyes
and safranine dyes have been successfully used as spectral
sensitizers .
D . Sensitization
Sensitization is the increase in sensitivity of a com
position by a change of its intrinsic photoconductivity.
It can be performed by a proper doping
in*
the case of inor
ganic photoconductors and by the formation of a "charge trans
fer complex" in the case of organic photoconductors. These
complexes are formed by reaction between an electron donor -
the photoconductor - and an electron acceptor - the sensitizer -
In addition, they also generally improve spectral sensitivity
because the "charge transfer
complex"
has a broader absorption
spectrum in the visible.
It has been proved that sensitizers should be highly
aromatic chemicals substituted with strongly electron attrac
ting groups and that there is a correlation between the elec
tron affinity of the sensitizer and its sensitizing effect.
Suitable sensitizers are fluorenone derivatives, qui-
nones
,
naphthoquinones and anthraquinone derivatives.
E . Statement of the problem and objectives
1) The general scope of the research was to study
the sensitization and the spectral sensitization of an organ
ic photoconductor,
2,5-bis- (p-diethylaminophenyl ) -1 , 3 , 4-
oxadiazole. This photoconductor was selected because it has
been previously successfully used in printing plates and
Rhone-Poulenc was interested to extend its application in
other areas.
Figure 2. Organic photoconductor used in the research.
2) The detailed objectives of the research were :
- To build an apparatus able to perform electrostatic
sensitometric measurements.
- To evaluate the sensitivity of the unsensitized
oxadiazole .
- To study the spectral sensitization of the photo
conductor and to try to relate the sensitizing effect to the
relative energy levels of the dye and the photoconductor.
- To study the increasing of sensitivity by the for
mation of a charge transfer complex and to study whether the
sensitivity can be correlated to the electron affinity of
the sensitizer.
II. EXPERIMENTAL
A. Construction of the test apparatus
The test apparatus should be able to perform sensito-
metric electrostatic measurements, that is to say, to record
the dark and light decay of the surface voltage retained by
a charged sample.
In its final form, the test apparatus is composed of :
*
- A Kodak Ektaprint copier type 165 F high-voltage power
supply giving an output of 6.5 KV-lmA and connected to a mono
filament shielded corotron. This piece of equipment produces
a negative charge on the surface of the test sample.
- A Monroe 138 S-4 type electrometer connected to a
probe which is placed over the surface to be analysed. This
device will read the surface voltage during all the stages
of the experiment .
- A tungsten light source which is connected to and
regulated by a very stable Hewlett Packard 6384 A DC power
supply .
- A Hewlett Packard 7132 A chart recorder with adjust
able paper speed and voltage range and which is connected
to the output of the electrometer.
- A conducting plate acting as a sample holder which
can be moved by a motor drive mechanism and which can slide
under the charging unit and the exposing unit. This plate
is grounded.
Figure 3 is a photograph of the whole test apparatus.
Figure 4 is a detailed photograph of the electrometer
and chart recorder section.
Figure 5 is a detailed photograph of the electrometer
probe and of the exposing light source in operation.
Figure 6 is a typical curve described in the literature
and which can be obtained with commercial electrostatic test
apparatus .
Figure 7 is an experimental curve obtained with the
test apparatus built for the research project and used with
the compositions under investigation. The peak in the curve
during the charging step is due to the fact that the probe,
being close to the corona unit indicates not only the ac
ceptance potential but in addition a part of the corona
potential induced in the probe by its proximity. As soon as
the corona is switched off a conventional dark and light decay
curve is recorded.
In conclusion, it appears that the test apparatus which
has been built is suited to recording electrostatic
voltage-
time curves. The improvements, which can be made to it, will
be discussed later in this report.
B . Operation of the test apparatus
As the main objective of the research was to get com
parative results between the different compositions tested,
the conditions of the experiment were kept constant, once
they had been optimized, in order to reduce the variability.
10
Fig. 3 General photograph of the test apparatus.
11
Fig. 4 Photograph of the electrometer and of the chart
recorder in operation.
12
Fig. 5 Photograph of the probe of the electrometer and







Fig. 6 Theoretical curve of voltage variation during






Fig. 7 Experimental curve obtained with the




the different stages of the experiments performed
with each of the compositions were the following :
- Placing the sample on the sliding conducting plate.
- Grounding it.
- Measuring and recording the surface voltage through-out
- Charging the surface of the sample in the dark.
- Switching off the corona.
- Exposing the sample until the voltage reaches a low
value (residual potential).
At the end, a curve having a shape similar to the one
of figure 7 is obtained.
Because a non-transparent electrometer probe was used,
special positions of the probe and of the light source had
to be determined.
The probe had to be placed over the surface at a dis
tance not too great to be able to record the real surface
voltage but great enough to allow an oblique light beam to
expose the whole surface under the probe.
Such considerations have resulted in the geometry de
picted in figure 8 which is a satisfactory compromise between
these two requirements .
The other parameters set for the experiment were :
- The sample was charged negatively with the power
supply set at 6.5 KV , 1 mA.
- The sample was placed 1.3 cm below the corona wire
and was sliding under it at a rate of 2 cm/sec.
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Fig. 8 Geometry of the electrometer probe
and of the exposing light source.
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C. Preparation of the test samples
First, a photoconductive solution is prepared by mixing
the following compounds :
Resin ( Styrene-maleic anhydride copolymer) 15 g
Organic photoconductor 15 g
3
Isopropyl alcohol 105 cm
3
Methylene chloride 17 cm
-3
Then, to 10 g of this solution (3.064 x 10 moles of
f\
OPC ) is added a solution of 2.78 x 10 moles of the select-
3
ed sensitizing dye in 1 cm of isopropyl alcohol or methyl
ene chloride. This concentration has been determined by pre
vious experiments as a good compromise between the sensitizing
effect and the coloration of the composition.
This final solution is coated on a polyester base hav




giving a dry coating weight of 5.4 to 6.2 g/m .
The weight ratio resin/OPC is 1 to 1 and the molar
ratio sensitizing dye/OPC is 0.091 % .
In the case of sensitizers, the chemical is added to
the mother solution in place of the spectral sensitizer.
The molar ratios sensitizer/OPC are 1/10, 1/2 and 1/1.
D. Study of spectral sensitizers
The spectral sensitizers were selected in order to
test the most usual dyes and to cover all the visible spec
trum. They include triarylmethane dyes, rhodamine dyes, acri-
dine dyes, safranine dyes, fluorescein dyes, cyanines dyes,
18
merocyanines dyes and some miscellaneous dyes.
A complete list of the dyes tested with their formulas
and their color index numbers can be found in Appendix 1.
In addition, the UV-visible spectrum of all the dyes
was recorded on a Bausch and Lomb Spectronic 505 Spectropho
tometer. The 1\ max. of each dye is also listed in Appendix 1.
E . Study of sensitizers .
The sensitizers were selected, after a search in the
literature, as the most effective easily-available products
and are listed in Appendix 2.
19
III. RESULTS AND DISCUSSION
A. Calibration of the light source
One of the most important factors when absolute
sensi-
tometric measurements are to be made is to characterize the
exposing light source. This is why its power spectral distri
bution was measured with an E.G. and G Radiometer-Photometer
Model 550-1. In this experiment, the light source and the
probe of the radiometer were placed in a line on an optical
bench at a distance of 7.5 cm. Thus the values determined
were absolute values. The results are listed in table 2 and
plotted in figures 9 and 10.
The equivalent black-body temperature determined by
the computer program written for this kind of experiment is
2198
K with an RMS error of less than 1.9 % .
The color temperature of the light source was also
determined at the beginning of the experiments and found to
be
2205
K (RMS error 2.17 %) showing that the light source
was very stable in emittance during all the project.
A regression analysis to fit a linear model for the
radiance gives a relation
W( A )=A +
B^+Cn2
with
A = 1.5469, B = -8.184 X 10~3, C = 1.074 X
10~5
where A is in nm and W in ,uW/cm2.nm, with an R equal to
0.9987 and a standard error of 1.8 %,
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Fig. 9 Power Spectral distribution of the






























Fig. 10 Power Spectral distribution




















This means that the fit is excellent and that this re
lation can be used later to determine the irradiance. But it
does not apply in UV and in the blue portion of the spectrum.
B. Determination of illuminance and of irradiance
In all these determinations, the light source was con
sidered as a point source.
1) Photometric determination.
The illuminance was determined with* a United Detector
Technology Illuminance Meter placed on the optical axis of
the light source at 7.5 cm. The result was 29 7 lux. However,
as indicated in figure 8
,
the light source was not normal to
the exposed surface so that the illuminance is :
E = E0 cos Q = 297 x cos
50
E = 191 lux
2) Radiometric determination.
The first step in determining the irradiance was to
record a spectrum of a coated dye-sensitized composition.
It was found that its absorption spectrum in the visible
was the same as that of the dye in solution. So the effective
irradiance is modulated by the sensitizing dye and to cal
culate it we have used the following approximations :
- The dye acts as a rectangular window of width
determined by the values r\ , and A corresponding to half















b. Determination of effective irradiance
Fig. 11. Determination of irradiance in the case





- The irradiance for such a composition can be calcul
ated from the power spectral distribution between these two
wavelengths (fig. 11 b) and the polynomial approximation of
page 19 can be used for its determination.
The integration gives :
- a*
)
Such an expression is calculated for each sensitizing
dye and the value obtained is multiplied by cos
50
to take
into account the cosine law of illumination. For auramine 0
and acridine yellow, the irradiance is calculated by a coun
ting square method as the quadratic approximation of power
spectral distribution does not apply in the blue portion of
the spectrum.
Table 3 resumes the previous calculations where n,
,
o2, E A^ and EA"^ cos
50
are listed for each dye.
The irradiance of the unsensitized composition is de
termined by a graphical method from the plot of the power
spectral distribution in the UV (fig. 10) and from the absorpt
ion spectrum of the photoconductor (fig. 12). This method is
used because the polynomial approximation of page 19 does
not apply in the UV . The value of normal irradiance was
2
0.20 uw/cm which corresponds to an effective irradiance
/
of 0.13 uW/cm
C. Characterization of sensitivity
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Fig. 12 UV-visible spectrum of the organic
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a composition directly from the curves produced by the elec
trostatic sensitometer
,
curves similar to fig. 6.
It can be seen that the more sensitive a composition,
the shorter will be the light discharge.
A widely used determination is first to measure "t V,
the time after which the potential reaches, upon exposure,
half its initial value, dark decay not included.
Thus, when the illuminance is constant, the sensitivity
19 1




When you take into account the exact amount of light absorbed
by a dye sensitized composition, the sensitivity is calculated
20
by the expression S =
-j-
where E is the irradiance
Z sit X X.^2
D . Spectral sensitizers
The samples were prepared according to the description
of paragraph II. C and tested as stated before. The experi
mental values t \ and the calculated sensitivities S, and S
are summarized in table 4, where S has been computed using
the values of irradiance of table 3.
If the time t \ or its reciprocal S, are considered, it can
be seen that :
- It is possible to spectrally sensitize the light
discharge of the photoconductor.
- The least sensitive composition is the unsensitized
one .
- The most sensitive composition is 17 times more sen
sitive than the unsensitized.
33













No 360 17 0.059 0.452
2 ) Rhodamine type dyes














-1 ,uJ , 2
* c^max is in nm




3 ) Acridine type dyes
1




ACRIDINE ORANGE 490 14.5 0.069 0.031
ACRIDINE YELLOW 460 15.5 #0.065
O.036
4) Safranine type dyes.



















t h s1=i/tJi S2=
ExtJg
FLUORESCEIN 505 12 0.083 0.024
ROSE BENGAL 560 12.8
*
0.078 0.008
ERYTHROSIN B 540 9.8 0.102 0.021
6 ) Merocyanine dyes
DYE T^max t h s1=i/tJ2
1
S = Ext^
MEROCYANINE 1 522 16.5 0.061 0.009
MEROCYANINE 2 480 16.6 0.060 0.025









CRYSTAL VIOLET 587 1.0 1 0.052
METHYL VIOLET 580 1.8 0.555 0.O3O
BRILLIANT BLUE 6 G 638 1.2 0.833 0.042
AURAMINE 0 430 7.5 0.137 0.14
MALACHITE GREEN 620 4.4 0.227 0.009
PARAROSANILINE 550 2.8 0.357 0.028
NEW FUCHSIN 556 2.0 0.5 0.039





DYE A max th s1=i/ti2 ^2"
ExtJg
PINACYANOL 607 14.8 0.068 0.004
OXACARBOCYANINE 1 506 10.2 *0.098 0.02 7
THIACARBOCYANINE 1 562 13. 6 0 .074 0.008
THIADICARBOCYANINE 2 650 10.6 0.094 0.004
THIATRICARBOCYANINE 3 758 14.2 0.070 0.001
9) Miscellaneous














On the other hand, if S is considered, which takes
into account the irradiance, the most sensitive composition
is the unsensitized one, which after all, is ^ logical
result.
Finally, from a practical point of view, the main re
sult is that a properly sensitized composition can be
satis-
factorily exposed with a tungsten lamp in 1/20 of the time
needed for the unsensitized one.
If the results are examined more in details, it appears
that among the 8 different classes of dyes, only two types
have a large sensitizing effect : triarylmethane dyes and
rhodamine dyes. Both are n-type dyes, but this characteristic
is not sufficient to explain the sensitizing effect as other
n-type dyes have no or very little sensitizing effect
(cya-
nines for instance).
In addition, no p-type dye among those tested
- fluor
escein type, acridine type, merocyanine type - has been found
to have any strong sensitizing effect.
Energy level considerations : It has not been possible to
get a reliable experimental determination of the energy lev
els of the organic photoconductor under study. This is why
it will be difficult to give an answer about the mechanism
of the spectral sensitization of this material, for instance,
the possibility of an electron-transfer mechanism. But what
could be done is to consider the values of energy levels of
various sensitizing dyes given in the literature and to try
to make a correlation with the sensitizing effect.
39
In table 5, these values for some very usual dyes are
listed and figure 13 is a graphic representation of the same
values. It is difficult to give a decisive answer, but it
seems that the energy levels of the dye is not the factor
determining the sensitizing effect because very little dif
ference in energy level between two chemicals will produce
a very different sensitizing result. Moreover, the difference
between the values of energy levels of dyes of table 5 is in
most cases smaller than the experimental error made during
their determination.
The very little, if any, part played by the energy
levels in sensitizing effect is confirmed by the fact that
all the 8 triarylmethane dyes have a strong sensitizing ef
fect while their energy levels are very different. This seems
to prove that the sensitizing effect is more related to the
chemical structure of the dye than to its energy level.
E . Sensitizers
The sensitizers used in the research, which are elec
tron acceptor compounds (EAC), are listed in appendix 2 and
were prepared according to the procedure described in chap
ter II. C. The first series of experiments were performed
with a molar ratio between EAC and OPC of 1 to 10. The for
mation of a charge transfer complex was almost immediate and
observed by the appearance of a brown to black dye or precip






H U CD CD CD
Eh pq CO CQ CO H H rH
H Pm CD CD CD 4-) p P o 0
CO Cn >H >i >l -P 4-1 4-> 2 2
2 pq H H H




4H "tf CO cn CO o CN in
W
1 ^ >* sf ^r in m 'H/
-
*




OO OO oo 00 00 00 00 00
X




in in in m in m ^r in
pj
Cm




pq Eh pq rQ








pq pq pq > H pq pq o H
>H 2 Eh CO 2 2 2 2
P H h J O H pq < <
2 PD < Pi 2 J >H >H
< u ^ 33 < >H u u
P < co Eh Pi PC < o
O J >H >H Pu Eh 2 Pi
X < Pi Pi < pq H pq

































































Fig.- 13 Graphic representation of energy










































































































The measure of the sensitivity of the sample was characteriz
ed by the value of t ^ and its reciprocal S , values which
are listed in table 6.
The increase in sensitivity observed with certain EAC
- TNF
, o-chloranil for instance - is also due to a slight
increase in the dark decay reaction.
The effect of the two most interesting compounds
- trinitrof luorenone
,
o-chloranil-was studied more in details
by changing the molar ratio EAC to OPC to 1 to 2 and final
ly to 1 to 1, this last value corresponding to the stoechio-
metric formation of the charge-transfer complex which was so
successful in the case of the mixture PVK-TNF .
In fact, the only phenomenon which could be observed
was a tremendous increase in dark decay in such proportions
that no measurements of light discharge were able to be
performed because the sample did not retain any charge at
all in the dark (See table 7).
Thus, in order to have a chance to get a practical
result with this kind of composition, another study should
be started to stop the dark decay reaction perhaps by increa
sing the weight ratio of resin to break the dark transverse
conductivity and by studying the influence of the nature of
the conductive layer of the base, effect which was observed
22
in previous work
TABLE 6. Values of t \ and S for different compositions











2-methyl anthraquinone 14 0.0714





















IV. SUMMARY AND CONCLUSIONS
,It has been possible to study the dye sensitization
and the sensitization of an organic photoconductor, 2,5-bis
(p-diethylaminophenyl) - 1,3,4 - oxadiazole. First, a test
apparatus - an electrostatic sensitometer - was built in order
to record the surface voltage variations during the stages
of the process. This apparatus, though very simple and rudi
mentary, appeared to be well suited for th% scope of this
study. It can be further improved by adapting a transparent
probe instead of an opaque one, thus enabling a perpendicular
exposure on the sample through the probe.
It has been possible to spectrally sensitize the compo
sition which can be exposed with a tungsten light source in
1/20 of the time needed for the unsensitized one. Among the
27 dyes tested representing 8 different classes, only the
triarylmethane dyes and the rhodamine dyes have been found
to have an important sensitizing effect ; In addition with
selected dyes, a sensitizing effect can be obtained at the
spectral lines of He-Ne laser or argon laser. As far as me
chanism is concerned, it does not seem that the sensitizing
effect is correlated to the energy level of the dye but
rather to its particular chemical structure. This study of
spectral sensitization could be completed by the recording
of spectral sensitivity curves.
47
The addition of sensitizers produced an increase in the
dark decay reaction, chiefly when the charge transfer complex
is formed between molar quantities of sensitizer and photocon
ductor; with these proportions , a new study about the relative
quantities of charge transfer complex and resin should be con
sidered in order to get practical results.
At last, the present research could be extended by
com-
paring the results obtained when a positive charge is
applied
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1) Triarylmethane type dyes :
Crystal Violet
CI 42555
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APPENDIX I (Continued! 55
Acridine Yellow
CI 46005
^\ maX 460 nm
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6 ) Cyanine type dyes
- Pinacyanol (1,
1'
- Diethyl - 2,
2'
carbocyanine chloride)














- Thiacarbocyanine 1 (3,
31
- Diethyl thiacarbocyanine iodide)





- Thiacarbocyanine 2 (3,
3'
- Diethyl thiadicarbocyanine iodide)





















7) Merocyanine type dyes
- Merocyanine 1
A max 522 nm
O





























A max 660 nm
Sudan Red
CI 26100
^ max 509 nm
0
>M=N


























Claude G. Ceintrey was born in Blaye , France on March
25, 1948. He is a French citizen. After graduating as a che
mical engineer from Montpellier University in 1972 and as a
doctor from Marseilles University in 1973, 4 he entered
Rhone-
Poulenc Systemes Company in 1974 at the Normandy Plant in
Arques-la-Bataille where he presently holds the position of
assistant director for research.
